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Recent high-level reports state the population should decrease meat consumption to reduce 
greenhouse gas (GHG) emissions, as well as improve public health. This calls for new 
strategies to change dietary habits, especially as many consumers are reluctant to eat less 
meat. This study tests the effect of labelling a meat-based ready meal with different levels of 
carbon footprint and healthiness on consumers’ willingness to pay (WTP) for these attributes. 
Participants took part in two sequential non-hypothetical discrete choice experiments (DCE). 
In the first experiment, they completed a DCE where the ready meals (i.e. beef lasagne) were 
labelled using a dual traffic light labelling system; one labelled for carbon footprint and one 
for healthiness. In the second experiment, participants repeated the DCE after they were told 
the carbon footprint and healthiness varied because of the meat and saturated fat content, 
respectively. The study found that participants were willing to pay a premium for the 
healthier lasagne and this did not change when they were given the information about 
saturated fat content. Participants were also willing to pay a premium for lasagne with a 
lower carbon footprint, but this decreased when they knew these meals contained less meat. 
Information about the meat content had the unintended consequence of discouraging people 
to buy lasagne with a low carbon footprint. The study provides an important insight for policy 
and industry into the effect of labelling information on consumers’ purchasing decisions at a 
time when people are being encouraged to eat less meat.  
 
Keywords: carbon footprint, meat, saturated fat, non-hypothetical discrete choice 
experiment, willingness to pay, sustainable diets. 
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willingness to pay (WTP), marginal willingness to pay (mWTP), IPCC (International Panel 
on Climate Change), healthiness (HEA), carbon footprint (CF), environmental association 
(ENVIRO_ASSO), information about the meat and saturated fat content (INFO), expected 




 Consumers will pay a higher premium for healthier and lower carbon footprint meals. 
 There is no clear preference for carbon footprint or healthiness in choosing a meal. 
 Knowledge of the meat content reduces WTP for a meal with a lower carbon footprint.  
 Reducing the saturated fat content of a meal is more acceptable than reducing meat. 




1. Introduction  
Reducing consumption of animal-based food, especially meat, will be necessary to 
limit global warming. A recent International Panel on Climate Change (IPCC) report 
highlighted the importance of moving towards less meat intensive diets to reduce greenhouse 
gas (GHG) emissions and the pressures of agricultural production on natural resources, such 
as land, water and biodiversity (IPCC, 2019). Approximately 70% of agricultural land is used 
for livestock production and contributes approximately 14.5% of global GHG emissions 
(Gerber et al., 2013). While new technologies and improved livestock management systems 
will help reduce GHG emissions, this will not be enough to meet national and international 
emission reduction targets (Bajzelj et al., 2014). Consequently, consumers will have to make 
dietary changes, including eating less meat. Reducing high intakes of meat, especially red and 
processed, can also have health benefits, such as lowering the risk of cancers, such as 
colorectal cancer (WCRF, 2018). However, getting people to eat less meat presents a 
challenge for many reasons, not least because people enjoy eating meat and in high-income 
countries meat-based diets are considered the norm and therefore plays a strong cultural and 
social role (Sanchez-Sabate and Sabaté, 2019). Encouraging a reduction in meat consumption 
will require action across the food system and in many sectors, including policy and the food 
industry.  
Increasing people’s knowledge about these issues allow them to make informed 
purchasing decisions (Aitken et al., 2020; Wong et al., 2020). Previous research shows a gap 
in consumer’s knowledge about the link between food consumption and climate change 
(Hartikainen et al., 2014; Camilleri et al., 2019), which is especially true in the case of eating 
meat (Wellesley and Froggatt, 2015; Macdiarmid et al., 2016). In contrast, consumers are 
generally aware of negative health consequence of eating a poor diet, but not necessarily that 
a high consumption of meat (particularly processed meat) increases the risk of some non-
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communicable diseases, such as cancer (e.g. Mullee et al., 2017). Education alone is unlikely 
to change food habits but raising awareness of both the environmental impact and health risks 
associated with high intakes of meat is a necessary first step for dietary change. 
Food labelling is a way to provide information at the point-of-purchase and is a policy 
strategy to change dietary habits endorsed by the World Health Organisation (WHO, 2004). 
The evidence for the effectiveness of food labelling on purchasing behaviour is mixed. Two 
recent meta-analyses, by Cecchini and Warin (2015) and Shangguan et al., (2019) suggest 
that food labelling could increase the purchase of healthier options and thereby improve 
dietary intakes (e.g. reducing total fat, saturated fat and salt consumption). A simple front-of-
pack label is the traffic light system (TLS), which uses colour coding, red, amber and green, 
to signal the amount of key nutrients (i.e. fat, saturated fat, sugar and salt content) in a food 
item (FSA, 2013). The inclusion of multiple nutrients on the packaging can force consumers 
to make trade-offs between the nutrients when selecting a product. For example, Scarborough 
et al. (2015) asked consumers to choose from ready meals that differed in nutrient 
composition, finding they prioritised the options with a lower saturated fat and salt content 
over those with a lower total fat and sugar content. This research can be extended to 
understand trade-offs consumers make between health and the environment (e.g. carbon 
footprint) in making purchasing decisions, since healthier food does not necessarily have a 
lower carbon footprint (Macdiarmid, 2013). A research gap is understanding consumers’ food 
purchasing decisions and trade-offs when presented with a dual labelling system. The 
findings provide important evidence for the development of policy interventions and for 
industry to change food purchasing behaviour. In this study non-hypothetical discrete choice 
experiments (DCE) were used to investigate the trade-offs people make when present with a 
dual labelling system, for health and climate change. 
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Discrete choice experiments are rooted in Lancaster’s consumer theory (1966) which 
postulates that consumers do not derive utility from a good per se, but from the attributes that 
characterise that good. It is this underpinning theoretical assumption that makes DCE an 
appropriate method to investigate trade-offs that consumers make between attributes of a 
given good. Therefore, DCE was selected in this study to investigate trade-offs consumers 
make between healthiness and carbon footprint of a ready meal.  
These trade-offs were quantitatively explored eliciting preferences and estimating 
consumers’ WTP for these attributes. Preferences are elicited by observing participants’ 
choices among goods characterised by multiple attributes in several purchasing situations that 
are presented in the survey, assuming that participants always choose the good that maximize 
their utility. To assess preferences, DCEs are a more sophisticated evaluation of stated 
preference than other research methods, such as questionnaire surveys that use Likert scales 
to measure preferences for different attributes of a good. A limitation is that participants rate 
each attribute in isolation without having to make direct trade-offs between them (e.g. 
Aggarwal et al., 2016). In addition, participants’ ratings cannot be easily included in standard 
economic models of consumer behaviour that are based on utility maximization (i.e. rational 
choice theory). Another alternative method to DCE is the contingent valuation method 
(CVM), a survey-based method that ask participants directly to state their WTP for a good or 
to make two or more choices in binary choice questions (e.g. YES/NO) to purchase the good 
at given prices. CVM elicits values for a good considered as a whole, without being able to 
elicit preferences and estimate WTPs for single attributes characterising the good. As our 
study aims to investigate trade-offs between attributes rather than simply between products, 
the use of DCE is more appropriate than CVM. In addition, CVM are less efficient than DCE 
from a statistical perspective because DCEs can increase the statistical efficiency of the 
parameters estimated so that smaller samples can be used (for a more detail, see Hensher et 
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al., 2005). Two types of DCE exist; non-hypothetical and hypothetical DCE. A non-
hypothetical DCE was used in this study. In non-hypothetical DCEs, participants have to 
purchase one of the goods they choose during the study, while in hypothetical DCE 
participants are only asked to express their intention to purchase a good and are not required 
to purchase one of the goods they selected during the experiment. It follows that participants 
in a hypothetical DCE have no financial incentive to reveal more truthful preferences. This 
phenomenon is called hypothetical bias, which often produces an overestimation of WTP 
compared to settings where real transactions occur (List and Gallet 2001; Murphy et al., 
2005). Non-hypothetical DCE can minimize this bias, and, in theory, elicits truthful 
preferences and WTP (Gracia et al., 2011).  Yet, non-hypothetical DCE have some of the 
limitations of hypothetical DCE and general state preference methods. For example, 
purchasing decisions made by respondents are made in isolation, while many other factors 
can affect food choices that are made in “real world” situations. These could include the 
composition of the food basket, the presence of substitutes, time constraints or choice 
environment (e.g. visibility of food options on the supermarket shelves). More reliable 
preferences and WTP can therefore be measured using revealed preference methods, using 
food purchasing data made by consumers in-store. However, it is not possible to study 
behaviour in-store for new products that are not yet available in the market. At the time of 
this study a dual traffic light system was not used to label food products in the United 
Kingdom (UK), and therefore non-hypothetical DCE becomes the most appropriate method 
to investigate consumers’ response to this innovative labelling tool. While it was not possible 
to test the products in-store, we cooked the ready meals to match the labelling information for 
the participants to see during the study. Two versions of DCE were used to elicit WTP; a 
standard non-hypothetical DCE and a variation of the DCE method based on the Becker-De 
Groot-Marschak procedure (BDM-based DCE) (Richards et al., 2014; Palma et al. 2016). 
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We used non-hypothetical DCEs in a within-subject experimental design to test; i) 
consumers’ WTP and trade-offs between the carbon footprint and healthiness of a meat-based 
ready meal and ii) whether providing additional information about the meat and saturated fat 
content of the ready meal changes participants’ purchasing decisions. The ready meal was a 
beef lasagne, which is a commonly purchased ready meal in the UK. Each participant was 
exposed to two different experimental conditions in which participants were provided with 
different information about the attributes. In the first condition participants were asked to 
choose between ready meals with different levels of carbon footprint and healthiness. A dual 
TLS was used to indicate each attribute; healthiness and carbon footprint. In the second 
condition, participants repeated the same DCE after being told that the carbon footprint was 
varied by changing the amount of meat in the lasagne and the healthiness was varied by 
changing the saturated fat content. 
This study fills two gaps in the literature. First, it is the first non-hypothetical DCE to 
study consumers’ WTP and trade-offs between carbon footprint and healthiness of a meat-
based ready meal. The majority of previous DCE studies have tested the effect of food 
labelling for either nutrition and health (e.g. Scarborough et al., 2015; Akaichi et al., 2019) or 
environmental sustainability, such as carbon footprint, organic, food miles, biodiversity (e.g. 
de-Magistris and Gracia, 2016; Lombardi et al., 2017; Tait et al., 2019; Caputo et al., 2013; 
Akaichi et al., 2017) on purchasing behaviour. Few studies that have investigated trade-offs 
between nutrition and environmental sustainability using a dual labelling system for meat-
based products, with the exception of Koistinen et al. (2013), Apostolidis and McLeay (2019) 
and Akaiki et al. (2020). Koistinen et al. (2013) found that Finnish participants were willing 
to pay higher prices for low fat meat than for meat with a low carbon footprint. Similar 
results were found among meat eaters in the UK (Apostolidis and McLeay, 2019; Akaiki et 
al., 2020). The main limitation of these studies is that they used hypothetical DCEs, which 
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they acknowledge may have introduced hypothetical bias and undermine the reliability of the 
estimated WTP. Therefore, using a non-hypothetical DCE in this study improves on these 
previous studies.    
Second, our study examined whether the provision of additional information about the 
meat and saturated fat content changes participants’ WTP for the carbon footprint and 
healthiness of a ready meal. Previous DCE studies have not explored whether consumers 
would change their purchasing decisions when told the reduction in the carbon footprint is 
achieved by reducing the meat content. Other studies have presented carbon footprint labels 
to consumers, but without any specific reference to how reductions in carbon footprint of the 
food product were achieved (Thøgersen and Nielsen, 2015; Tait, 2019). Some studies have 
explicitly or implicitly linked carbon footprint to non-food related attributes, such as to 
transportation, which do not have a direct consequence for the consumer (Caputo et al., 2013; 
Akaichi et al., 2017). It is important to understand how different types of information on food 
labels will influences consumers’ purchasing decisions for meat-based products.  
 
2. Material and Methods 
2.1. Experimental design 
The experimental design of the study consisted of two treatments. In one treatment 
participants completed a non-hypothetical DCE and in the other a non-hypothetical BDM-
based DCE. Participants in the DCE treatment were exposed to two sequential experimental 
conditions. In the first experimental condition (named DCE TLS), they were presented with 
nine choice tasks. The order in which the choice tasks were presented was randomised across 
participants to mitigate potential learning or fatigue effects. Each choice task consisted of 
three options, comprising two different lasagne and an opt-out (buy nothing) (Fig. 1). 
Participants were asked to select their most preferred option.  
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The lasagne had three attributes: carbon footprint, healthiness and price. Two TLS 
were used, one to indicate the level of carbon footprint (represent as a footprint) and the other 
the healthiness (represented as a heart). Participants were told that a green footprint means 
low carbon footprint, amber footprint moderate carbon footprint and red footprint high 
carbon footprint, and similarly, a green heart means very healthy, amber heart moderately 
healthy and red heart unhealthy (see Fig 1). The price attribute had nine levels and ranged 
from £1.00 to £5.00 in £0.50 increments. This was the market price range for beef lasagne 
ready meals across UK supermarkets at the time of the study. The nine choice tasks were 
generated using a D-efficient design using software Ngene (Choice Metrics, 2011), which is a 
statistical procedure to minimise the standard errors of estimated coefficients and hence 
obtain the most efficient estimates. The use of D-efficient designs can also potentially reduce 
the sample sizes needed in DCEs (Scarpa and Rose, 2008a). Estimated prior coefficients from 
the pilot study were used to generate the final design.  
In the second experimental condition (named DCE INFO), the same participants were 
asked to make choices using the same set of nine choice tasks presented in the DCE TLS 
experimental condition. The order of choice tasks was again randomised. Before making their 
choices, participants were given additional information that revealed the reason for the 
different levels of carbon footprint and healthiness. Participants were told that the carbon 
footprint reflected the meat content of the lasagne:  
i) Red footprint: 77g of beef per portion 
ii) Amber footprint: 49g of beef per portion 
iii) Green footprint: 28g of beef per portion  
Participants were told that healthiness reflected the amount of saturated fat in the lasagne: 
i) Red heart: 23g saturated fat per portion  
ii) Amber heart: 10g saturated fat per portion  
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iii) Green heart: 5g saturated fat per portion  
 
The DCE was non-hypothetical, therefore participants were told that one of the 18 
choice tasks would be randomly selected, and this would be revealed at the end of the 
experiment. They would have to buy the lasagne they chose in that choice task at the price 
that was indicated (if they had not chosen the opt-out). The choice task selected was the same 
for all participants.  
 
Fig 1. An example of one of the nine choice tasks. 
 
In the BDM-based DCE treatment, participants were exposed to only the first 
experimental condition (BDM-based DCE TLS) and completed one set of nine choice tasks. 
This was the same set used in the DCE TLS experimental condition. Participants were not 
told about the meat and saturated fat content of the lasagne because the BDM-based DCE is 
more cognitively demanding than the DCE TLS and the cognitive burden of 18 choices was 
considered too high for participants.  
The BDM-based DCE implies a different preference elicitation procedure compared 
to the DCE TLS. Like the DCE TLS, participants were told that a binding choice task would 
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be randomly selected at the end of the experiment. However, participants in this treatment 
were informed that they would not have to buy the selected lasagne at the price indicated in 
the binding choice task but at a market price that would be randomly selected from a uniform 
distribution of prices (from £1.00 to £5.00 in £0.50 increments) at the end of the experiment. 
If the price of their chosen lasagne was higher than or equal to the randomly selected market 
price, participants had to buy the chosen lasagne at the randomly selected market price. 
Otherwise, they did not buy the chosen lasagne.  
In all treatments and conditions, the nine lasagne (frozen) were shown to the 
participants during the experiment, but they did not taste them. This was to replicate a 
shopping environment where consumers are faced with a new product that they cannot taste 
before purchasing it. At the beginning of the experiment participants were asked about how 
hungry they felt, to test if hunger influenced their decision about the lasagne they chose. They 
rated their current level of hunger and how full they felt using a seven-point Likert scale. At 
the end of the experiment, they filled in a short questionnaire about their socio-demographic 
characteristics, consumption habits and other attitudinal variables (e.g. whether they were a 
member of an environment association (e.g. WWF, Greenpeace), frequency with which they 
ate lasagne). They also rated their expectation of the taste of each lasagne using a seven-point 
Likert scale, from tasting ‘extremely bad’ to tasting ‘extremely good’. See the online 
supplementary Appendix A for variables included in the analyses.  
 
2.2. Product development 
The nine lasagne were designed by nutritionists and prepared by cooks at the Human 
Nutrition Unit at The Rowett Institute, University of Aberdeen. All the lasagne comprised the 
same ingredients; minced beef, tomatoes, tomato puree, onion, carrot, courgette, celery, 
peppers, beef stock, oil, milk or cream, butter or margarine, flour, lasagne sheets and cheese. 
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The carbon footprint and healthiness were varied by changing the quantity of these 
ingredients in each lasagne, mainly the amount of meat and by using high and low saturated 
fat versions of the same food item, respectively. A portion of lasagne weighed 400g. The 
lasagne were prepared and cooked by staff at The Rowett Institute then tested for tastiness, 
palatability and appearance. Where necessary the lasagne were remade using the same 
ingredients but varying the quantity, while maintaining the GHG emissions and nutrient 
criteria.   
The levels of saturated fat content in the lasagne were based on the UK Food Standard 
Agency guidance; green ≤1.5g/100g, amber >1.5 to ≤5.0g/100g, red >5.0g/100g (FSA 2013). 
The carbon footprint was the sum of the GHG emissions (kgCO2e) associated with each 
ingredient in the lasagne (GHG data published by Audsley et al. (2009)). The system 
boundaries for these data are from primary production to the point of the regional distribution 
centre. This does not include food processing, retail, household use and waste but these 
would be similar for all the lasagne because it was only the ingredients that varied. There are 
no standardised guidelines for labelling GHG emissions of food therefore the three levels 
were set by the researchers; green ≤0.26 kgCO2e/100g, amber >0.26 to <0.4 kgCO2e/100g, 
red ≥0.4 kgCO2e/100g. The variation in beef content between the lasagne was within the 
range of commercially prepared lasagne (7% to 20% beef). The term ‘carbon footprint’ was a 
common term used by the public and used on some food packaging at the time of the study. 
In the pilot study, participants did not associate the meat content of the lasagne with the 
healthiness attribute and therefore we could assume participants’ decisions related to the 
healthiness of the lasagne this was not influenced by the knowledge of the meat content.  
 
2.3. Sample and data collection  
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Participants aged 18 years or older were recruited from the local area to allow face-to-
face experiments. Every effort was made to recruit a representative sample based on socio-
demographic characteristics by using a number of recruitment methods; posters placed in 
workplaces, including the University, community centres across the city and retail outlets, 
giving out flyers distributed at local community events (e.g. football match) and through 
snowball sampling.
 
An information sheet was sent to people who contacted us and expressed 
an interest in the study, which stated that the purpose was to understand consumers’ food 
choices (specifically a beef lasagne) and that they would have to buy one of the lasagne based 
on the choices they make in the experiment. All participants were given an unconditional £10 
show up fee. 
The study received ethical approval from The Rowett Institute Ethics Committee at 
the University of Aberdeen and all participants gave written informed consent to take part 
prior to the study. The experiment was conducted at the Scottish Experimental Economics 
Lab (University of Aberdeen) between January 2015 and April 2016, with between nine and 
19 people per session. 
One hundred and five participants completed the study, with 65 assigned randomly to 
the DCE treatment and 40 to the BDM-based DCE treatment. This sample size is typical for a 
non-hypothetical DCE for experiments and using a within-subject experimental design 
doubles the number of observations in the DCE treatment group (Akaichi et al., 2019). The 
minimum sample size to detect a significant result for the estimated coefficients (p<0.05) was 
68, according to our D-efficient experimental design (calculated using the software Ngene) 
and therefore our sample size exceeded the minimum sample size (see the online 
supplementary Appendix B). The mean age of the participants was 36.5 years (range 19 to 70 
years) and 57% were female. Forty four percent had a college diploma or an undergraduate 
degree and 34% had a postgraduate degree as their highest qualification. The mean 
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household’s total annual income was approximately £34,000. A comparison of the study 
population with the national and regional population is shown in Table 1. The mean age and 
proportion of females was similar, but the study sample comprised a higher proportion of 
participants with a higher educational level and total annual income. 




      Regional 





% Female 51.5% 50.5% 57.1% 
AGE
a 
Age in years 40.3 40.4 36.5 
EDU_1
a
 % with no education or primary or 
secondary education 
49.9% 49.1% 22.1% 
EDU_2
a
 % university degree 24.0% 23.9% 44.2% 
EDU_3
a
 % postgraduate degree 26.1% 27.0% 33.7% 
INCOME
b
 Annual total household income  £18,315 £22,000 £34,375 
a Source: Scotland's Census, 2011 https://www.scotlandscensus.gov.uk/what-census 
b Source: SG, 2017 https://www.ons.gov.uk/economy/regionalaccounts/grossdisposablehouseholdincome 
 
 
2.4. Discrete choice modelling data analysis 
Data from the experiment was modelled using Random Utility Models (McFadden, 1973). 
The utility (U) that participant i attaches to each alternative j in each choice task k (Ui,j,k) is 
split into two parts; Vi,j,k, the part of the utility observed by the researcher, and εi,j,k, which 
cannot be observed by the researcher, so that, Ui,j,k = Vi,j,k + εi,j,k. Participants i chooses the 
alternative j that maximizes is utility Ui,j,k in choice task k. More specifically, random 
parameter multinomial logit models were estimated in WTP space (with correlated 
coefficients) (Train and Weeks, 2005). Estimation in WTP space has several advantages with 
respect to standard estimation in preference space. First, it allows direct estimation of 
marginal WTP (mWTP) for different levels of carbon footprint and healthiness, which is the 
amount of money that participants are willing to pay for a unit improvement of a product (e.g. 
lasagne labelled amber rather than labelled red). Second, it reduces possible biases due to the 
confounding of variation in scale (i.e. the standard deviation of the unobserved part of the 
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utility) and WTP (Train and Weeks, 2005). Many studies have shown that models in WTP 
space fit data are better than those in preference space (e.g. Scarpa et al., 2008b; Hole and 
Kolstad, 2012) and  an estimation approach was recently adopted in studies investigating 
consumers’ preferences for food products (e.g. Cerroni et al., 2019; Lin et al., 2019). A more 
extensive explanation of WTP space models and advantages with respect to preference space 
models are provided in the online supplementary Appendix C 
2.4.1. Marginal willingness to pay for carbon footprint and healthiness  
Participants’ mWTP for different levels of carbon footprint and healthiness were 
estimated by pooling observations collected from the DCE TLS and BDM-based DCE TLS 
treatment groups. Pooling was possible because analyses indicated that mWTP elicited via 
DCE TLS and BDM-based DCE TLS were not statistically significantly different, suggesting 
that the two elicitation mechanisms are comparable. Results from these analyses are provided 
in the online supplementary material Appendix D.  
The observed part of the utility (Vi,j,k) in the random parameter multinomial logit in 
WTP space (Model 1) is specified as in Equation 1: 
 
       
                                                   
                                                            
                                                                                                                   (1)                                              
 
where λi = αi /μi, αi indicates participants’ preferences for the price of the lasagne (PRICEi,j,k) 
and μi is the scale parameter (the standard deviation of the unobserved part of the utility, εi,j,k). 
The other coefficients indicate: 
i) βHEA_AMBER,i = mWTP for lasagne labelled amber for healthiness (HEA) (instead of red) 
ii) βHEA_GREEN,i = mWTP for lasagne labelled green for healthiness (HEA) (instead of red) 
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iii) βCF_AMBER,i = mWTP for lasagne labelled amber for carbon footprint (CF) (instead of red) 
iv) βCF_GREEN,i = mWTP for lasagne labelled green for carbon footprint (CF) (instead of red) 
 
To account for heterogeneity of preferences (i.e. participants may not have the same 
preference for an attribute level), it was assumed that the coefficients followed given 
distributions and estimated means and standard deviations of these distributions (Train, 
2009). In other words, participants could have different preferences for the same attribute. It 
was assumed that the mWTP coefficients were normally distributed, while the αi is log-
normally distributed.  
Model 2 explored the interaction effects of socio-demographic and attitudinal 
variables on mWTPs. The variables HEA_AMBERi,j,k, HEA_GREENi,j,k, CF_AMBERi,j,k, and 
CF_GREENi,j,k were interacted with a rating of how HUNGRY participants felt before the 
experiment on a scale from 1 (not at all hungry) to 7 (extremely hungry), FREQUENCY 
(number of time per week they ate lasagne), ENVIRO_ASSO (1=member of an environmental 
association, 0=not a member), FEMALE (1=female, 0=male) and INCOME (household 
annual net income).
1
 Models 1 and 2 were estimated by using methods of maximum 
simulated likelihood estimation (MSLE) relying on 1,000 Halton draws in STATA 13.1 
(Train, 2009). 
 
2.4.2. Marginal willingness to pay and additional information 
Model 3 explored whether additional information about the meat and saturated fat 
content of the lasagne affected mWTP for lasagne varying in carbon footprint and 
healthiness, respectively. This was estimated using data collected from the DCE TLS and 
DCE INFO using a within-subject analysis. Model 3 (Equation 2) is the equivalent of Model 
                                                          
1
 Other variables were not included because of multicollinearity issues (see Appendix A Table A.2).  
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1 but includes a vector of interaction Xi,j,i variables that shows the impact of the information 
about meat and saturated fat on mWTPs for carbon footprint and healthiness, respectively. 
These interaction variables are:                     ,                     , 
                    , and                    . The variable INFOi is equal to 1 
when participant i was exposed to the additional information (and 0 otherwise). The 
coefficients of these interaction variables (  ) indicate whether mWTPs differ before (e.g. 
HEA_AMBERi,j,k) and after participants received the additional information (e.g. 
HEA_AMBERi,,j,k * INFOi).  
 
       
                                                  
                                                          
                                                                                          (2)                                                              
 
Model 4 is an extension of Model 3 and examines if the participants’ expected taste of 
the lasagne influenced the mWTPs. The variables                     , 
                    ,                     , and                    were 
interacted with the variable TASTE. TASTE is equal to 1, if participant i rated lasagne labelled 
red to be tastier than those labelled green or amber (otherwise is 0). Other socio-demographic 
and attitudinal variables (ENVIRO_ASSO, FEMALE and INCOME) were included in Model 4 
using interaction terms. Models 3 and 4 were estimated by using methods of maximum 
simulated likelihood estimation (MSLE) relying on 1,000 Halton draws in STATA 13.1 
(Train, 2009). 
 
3. Results and discussion 
3.1. Marginal willingness to pay for healthiness and carbon footprint 
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The results from Model 1 show that participants were willing to pay a higher premium 
for healthier lasagne; £1.47 and £0.84 more for those labelled green and amber than those 
labelled red, respectively (Table 2). A Wald test shows that the difference between green and 
amber was statistically significant (χ2 = 14.700, p<0.01), meaning that participants preferred 
lasagne labelled green over those labelled amber for healthiness. For the carbon footprint, 
participants were willing to pay a premium of £1.87 for lasagne labelled green over those 
labelled red, but they were not willing to pay a premium for lasagne labelled amber. 
Comparing healthiness to carbon footprint, participants were willing to pay significantly 
more for lasagne labelled amber for healthiness than for those labelled amber for carbon 
footprint (Wald test: χ2 = 8.860, p<0.01). Inversely, the mWTP was significantly higher for 
lasagne with the lowest carbon footprint (labelled green) than the healthiest lasagne (labelled 
green) (Wald test: χ2 = 14.110, p<0.01). This suggests that participants do not have a 
consistent preference for one attribute over the other. Distributions of estimated mWTPs are 
presented in Fig. 2. As a measure of reliability of the models, the results of the standard 
deviations of estimated coefficients’ distributions in both models indicate that the assumption 
of normally distributed mWTPs is reasonable and plausible (Table 2).    
Interestingly, participants do not have a consistent preference for one attribute over 
the other. This differs from previous studies that found consumers in Finland, Spain and the 
UK were willing to pay higher premiums for meat with low fat than a low carbon footprint 
(Koistinen et al., 2013; Apostolidis and McLeay, 2019; Akaiki et al., 2020). However, there 
is a five-year temporal gap between data collected by Koistinen et al. (2013) and our study, 
during which time public awareness about climate change has increased (Phillips et al., 
2018), which may explain the WPT for products labelled with a lower carbon footprint. 
Another major difference is that these studies are hypothetical DCE, which can generate 
hypothetical bias.  
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Adjustments for the socio-demographic variables, gender and income were made in 
Model 2. A likelihood ratio test (Train, 2009) (χ2 = 9.084) indicates that Model 2 does not 
explain consumers’ behaviour better than Model 1, but the estimation of Model 2 provides 
important results regarding the effects of these socio-demographic variables on participants’ 
choice behaviour. The results showed that women were more concerned about health than 
men and were willing to pay higher premiums for lasagne labelled amber (£1.05) and green 
(£0.66) for the health attribute, with is in-line with results reported by Akaiki et al. (2020). It 
is also consistent with previous observations showing that women tend to be more willing to 
change their eating habits towards healthy diets and to follow dietary recommendations (e.g., 
Fagerli and Wandel, 1999). 
There was no consistent difference in the mWTP for carbon footprint between men 
and women. Women had a higher mWTP for lasagne labelled amber in carbon footprint 
(£0.41) than men, but mWTP for lasagne labelled green in carbon footprint (-£0.27) was 
lower for women than men. A greater women’s propensity towards sustainable food option 
than men is consistent with previous literature (e.g., Apostolidis & McLeay, 2019), but a 
recent study reported that the impact of gender on WTP for sustainable food is not as 
important as the impact of gender on WTP for healthier food options (Akaiki et al., 2020). 
Participants with a higher household annual income had a significantly higher mWTP for 
both healthier and lower carbon footprint lasagne than households with a lower income, but 
the premiums were small (<£0.05). Differences in responses between gender and income 
groups have implications for maximising effectiveness of a new labelling system since it 
could elicit a variety of responds in different sectors of the population. Future research needs 
to focus on the responses of different sectors of the populations to develop effective strategies 
and policies to reduce meat consumption through labelling.  
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Lastly, we found that the rating of participant’s hunger before the experiment, the 
number of times they ate lasagne per week and being a member of an environmental 
association did not affect mWTP for the healthiness or carbon footprint of lasagne. 
 
 
Table 2  
Marginal WTP estimates from random parameter multinomial logit in WTP space
 
 
 Model 1 Model 2 
Variable Coefficient Coefficient 
 Mean (robust standard error) Mean (robust standard error) 
OPT-OUT 2.048*** (0.321) 3.339*** (0.424) 
Health   
HEA_AMBER 0.844*** (0.125) -0.368**   (0.162) 
HEA_GREEN 1.466*** (0.134) 0.360*     (0.190) 
Carbon footprint   
CF_AMBER 0.129       (0.110) -0.199       (0.201) 
CF_GREEN 1.873*** (0.168) 2.023*** (0.181) 
Gender   
HEA_AMBER_FEMALE - 1.046*** (0.171) 
HEA_GREEN_FEMALE - 0.655*** (0.190) 
CF_AMBER_FEMALE - 0.412**   (0.162) 
CF_GREEN_FEMALE - -0.266**   (0.112) 
Income   
HEA_AMBER_INCOME - 0.006**   (0.003) 
HEA_GREEN_INCOME - 0.045*** (0.003) 
CF_AMBER_INCOME - 0.008**   (0.003) 
CF_GREEN_INCOME - 0.025*** (0.003) 
PRICE -0.649**  (0.320) -1.110*** (0.386) 
 Standard deviation (robust 
standard error) 
Standard deviation (robust 
standard error) 
Health   
HEA_AMBER 1.109*** (0.133) 0.852*** (0.063) 
HEA_GREEN 1.925*** (0.107) 2.138*** (0.112) 
Carbon footprint   
CF_AMBER 1.072*** (0.216) 0.427*** (0.083) 
CF_GREEN 1.886*** (0.181) 2.217*** (0.122) 
PRICE 2.206*** (0.346) 2.258*** (0.371) 
Observations 2,835 2,808 
Log-Lhood  -692.084 -687.542 








Fig. 2. Kernel densities of mWTPs for each attribute of the lasagne, when participants only have information 
about healthiness and carbon footprint (DCE TLS).  
 
 
3.2. Marginal willingness to pay and additional information  
Models 3 and 4 investigate the influence of providing additional information about the 
meat and saturated fat content of the lasagne on mWTP (Table 3). Results from Model 3 
suggest that participants were more willing to accept a reduction in the saturated fat content 
than a reduction in the meat content of the lasagne. Given the information about the meat 
content of the lasagne, participants’ mWTP for the lasagne with the lowest carbon footprint 
(labelled green) decreased by £0.84. In contrast, when they received the information about 
the saturated fat content, their mWTP for lasagne labelled amber for healthiness increased by 
23 
 
£0.64. There was no significant effect of the additional information on the preference for 
lasagne labelled green for healthiness or amber for carbon footprint (Table 3). Distributions 
of estimated mWTPs are presented in Fig. 3. As a measure of reliability of the models, the 
results of the standard deviations of estimated coefficients’ distributions in both models 
indicate that the assumption of normally distributed mWTPs is reasonable and plausible 
(Table 3). 
The reduction observed in mWTP for the lower carbon footprint lasagne when 
participants were given the additional information about the meat content suggests they did 
not associate the carbon footprint in the first experimental condition with the meat content of 
the lasagne. The lack of awareness of the link between climate change and meat consumption 
was found in previous studies published around the time of the experiment (Hartikainen et al., 
2014; Wellesley and Froggatt, 2015; Macdiarmid et al., 2016). The decrease in mWTP for 
lasagne with a lower meat content may have been expected because of a general reluctance 
among the UK general population to eat less meat. A recent survey reported that 55% of the 
British public had no intention of reducing their meat consumption (Lee and Simpson 2016). 
These findings are indicative of the value many people place on meat in their diet (Sanchez-
Sabate and Sabaté, 2019).  This study adds to the literature showing that consumers are 
willing to pay a premium for a meat-based meal labelled with a low the carbon footprint but 
not when the meal has less meat.  
Model 4 does not explain consumers’ behaviour better than Model 3 (likelihood ratio 
test χ2 = 1.058), but it shows important differences in the respond to labelling information by 
different groups. This is important for understanding the policy-relevant implications of a 
labelling system to inform purchasing decisions and changing dietary intakes to reduce meat 
consumption. Differences were found between women and men once they knew about the 
saturated fat content of the lasagne; women were willing to pay a higher premium for lasagne 
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labelled amber for health (£0.56) (Model 4 in Table 3). This finding is consistent with results 
obtained from the estimation of Model 2. In contract, the effect of information about the meat 
content on mWTP for lasagne was equivalent for women and men, suggests that eating meat 
is equally important to them, consistent with observations reported in a previous study 
(Macdiarmid et al. 2016). However, more recent literature review found that women are 
generally more willing to decrease meat consumption than men (Sanchez-Sabate and Sabaté, 
2019). The majority of data in the literature review came from self-reported from surveys, 
with no consequential food purchasing decisions, which may explain some of the difference 
in findings. Participants with higher household annual net incomes were willing to pay an 
extra premium for healthier lasagne, even when they knew the lasagne contain less saturated 
fat. This finding is consistent with results obtained from the estimation of Model 2. Being a 






Table 3  
Impact of information on marginal WTP estimates from random parameter multinomial logit in WTP space. 
 Model 3 Model 4 
Variable Coefficient Coefficient 
 Mean (Robust standard error) 
 
Mean  Robust standard error) 
  
OPT-OUT  0.791**   (0.384) 1.452*** (0.362) 
Health   
HEA_AMBER  0.621*** (0.139) 0.602*** (0.108) 
HEA_GREEN  0.977*** (0.175) 1.308*** (0.127) 
Carbon footprint   
CF_AMBER -0.006       (0.159) 0.432*** (0.111) 
CF_GREEN  1.190*** (0.140) 0.942*** (0.125) 
Additional information    
HEA_AMBER_INFO  0.642*** (0.168) -0.509       (0.354) 
HEA_GREEN_INFO  0.005       (0.147) -0.225       (0.341) 
CF_AMBER_INFO  0.005       (0.158) 0.116       (0.395) 
CF_GREEN_INFO -0.841*** (0.205) -0.687       (0.458) 
Expected taste of lasagne   
HEA_AMBER_INFO_TASTEHEA - 0.185       (0.185) 
HEA_GREEN_INFO_TASTEHEA - -0.252       (0.188) 
CF_AMBER_INFO_TASTECF - 0.489       (0.668) 
CF_GREEN_INFO_TASTECF - -1.342*     (0.706) 
Member of environmental association    
HEA_AMBER_INFO_ENVIRO_ASSO - 0.038       (0.524) 
HEA_GREEN_INFO_ENVIRO_ASSO - 1.122       (0.726) 
CF_AMBER_INFO_ENVIRO_ASSO - 0.881       (0.821) 
CF_GREEN_INFO_ENVIRO_ASSO - -0.950       (0.976) 
Gender   
HEA_AMBER_INFO_FEMALE -  0.561*     (0.318) 
HEA_GREEN_INFO_FEMALE - 0.216       (0.314) 
CF_AMBER_INFO_FEMALE - -0.478       (0.320) 
CF_GREEN_INFO_FEMALE - 0.470       (0.389) 
Income   
HEA_AMBER_INFO_INCOME - 0.020*** (0.004) 
HEA_GREEN_INFO_INCOME - 0.004       (0.003) 
CF_AMBER_INFO_INCOME - 0.002       (0.005) 
CF_GREEN_INFO_INCOME - - 0.008       (0.006) 
PRICE -0.344*     (0.184) -0.498**   (0.212) 
 Standard deviation  (Robust 
standard error) 
  
Standard deviation  (Robust 
standard error) 
  
Health   





Fig. 3. Kernel densities of mWTPs for each attribute of the lasagne, when participants have the with additional 
information about the meat and saturated content (DCE INFO). 
 
Results from Model 4 show that the expected taste of the lasagne significantly 
decreased participants’ mWTP for lasagne with the least meat (-£1.34) (Table 3). This is in-
line with previous studies reporting taste as one of the reasons people do not want to eat less 
HEA_GREEN 0.942*** (0.081) 0.941*** (0.058) 
Carbon footprint   
CF_AMBER 0.239**   (0.107) 0.740*** (0.109) 
CF_GREEN 0.970*** (0.140)  1.139*** (0.080)  
Additional information   
HEA_AMBER_INFO 0.273*** (0.096) 0.337*** (0.095) 
HEA_GREEN_INFO 0.073       (0.127) 0.388*** (0.084) 
CF_AMBER_INFO 0.054       (0.094) 0.086*** (0.075) 
CF_GREEN_INFO 0.344*** (0.096) 0.791       (0.085) 
PRICE 1.358*** (0.199) 1.358*** (0.199) 
Observations 3,510 3,510 
Log-Lhood  -791.720 -791.191 






meat (Whitmarsh, 2009, Macdiarmid et al., 2016, Graça et al. 2019). Fig. 4 shows 
participants expected the tastiness of the lasagne to increase with greater amounts of meat and 
saturated fat; rating the lasagne with the highest meat and highest saturated fat content 
(labelled red/red) as the tastiest of all the lasagne. However, the expected taste did not 
significantly influence the mWTP for healthiness despite the lasagne with higher saturated fat 
content being rated tastier (Fig 4). 
 
 




To test the internal validity of the results we compared participants’ choice behaviour 
in two similar choice tasks. It would be expected the proportion of participants choosing the 
same options to be the same in the two choice tasks. This hypothesis was tested using the 
Cochran's Q test and failed to reject the null hypothesis of equality of proportions, suggesting 
high internal validity and supports the reliability of our findings (see on-line supplementary 
material in Appendix E). In addition, the correlations between variables elicited in the final 
questionnaire completed by participants was investigated. These results show that the 
direction of the expected associations was observed in the data (see Appendix A, Table A.2). 
1 2 3 4 5 6 7 
HEA_Red & CF_Red 
HEA_Red & CF_Amber 
HEA_Red & CF_Green 
HEA_Amber & CF_Red 
HEA_Amber & CF_Amber 
HEA_Amber & CF_Green 
 HEA_Green & CF_Red 
HEA_Green & CF_Amber 
HEA_Green & CF_Green 




The findings of this study have important implications for the information used on 
front-of-pack food labelling. While the non-hypothetical nature of the DCE is a significant 
strength of this study, there are some limitations that should to be considered. First, the 
participants were not recruited from a random sample within the population, rather we used a 
wide range of strategies in an attempt to recruit a representative sample of the population. 
The proportion of women to men and the mean age of the sample were similar to population 
averages, but there was a greater representation of participants with a high level of 
educational attainment and household income. Studies have suggested that attitudes towards 
reducing meat consumption is similar across income groups and the national survey the UK 
shows there is very little difference in the amount of meat purchased and saturated fat 
consumed between income groups (Reynolds et al. 2019). However, we have to consider that 
cost is one of the most important factors shaping food purchasing decisions and it is often 
perceived as a main barrier to the buying healthier and more environmentally sustainable 
products. Given that the average annual household total income of the participants is slightly 
higher than the general population, the WTP estimated in this study may be slightly inflated. 
Second, the sample size was relatively small compared to hypothetical DCE, but the size is 
not unusual for a non-hypothetical economic experiment using a within-subject design. The 
sample size is higher than the estimate of the sample size needed to detect a significant result.  
Overall, some caution would be needed in extrapolating the finding to a wider population. 
There are several areas where the research could be taken forward. The aim of the 
study was to mimic a real purchasing situation where consumers had to make a decision 
based only on the appearance and information about a new ready meal. Future studies could 
explore other reasons for participants’ purchasing decisions. In addition, while meat and 
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saturated fat are good proxies for carbon footprint and healthiness, respectively, varying other 
ingredients or nutrients could elicit different preferences. 
 
4. Conclusions 
Recent reports, including the IPCC (2019), highlight the need to eat less meat. This study 
provides an important and timely insight into the potential effectiveness of front-of-pack 
labelling to tackle both climate change and health. In this case, making information about the 
meat content more explicit than carbon footprint had the unintended consequence of 
inhibiting purchasing of a more environmentally sustainable meal. This is important for both 
the food industry and governments in finding ways to motivate consumers to change their 
diet.  
The study makes two important contributions to the literature. First, it the first non-
hypothetical DCE study to examine consumers’ trade-offs between healthiness and carbon 
footprint of a meat-based ready meal, where participants had to make purchasing decisions 
involving real payments. This tends to elicit truthful preferences and reduces the tendency of 
participants to overstate the value of a good seen in hypothetical choice scenarios (e.g. 
Murphy et al., 2005). Second, the observation of the effect of information about the meat and 
saturated fat content on purchasing decisions. Using a within-subject design we were able to 
test how people might change their mind about purchasing a good when given information 
about the meat content. Previous DCE studies have not explicitly link carbon footprint labels 
to specific strategy to reduce GHG emissions through dietary change that have direct 
personal consequences or investigated how consumers may change their decisions 
(Thøgersen and Nielsen, 2016; Tait, 2019; Caputo et al., 2013; Akaichi et al., 2017). This 
study provides important evidence for the potential use of front-of-pack labels to encourage 
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